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(54) PHOTOELECTRIC CONVERSION ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce collector resistance without 
decreasing the effective area of photoelectrochemical reaction and 
to enhance output power density by disposing a collector electrode 
at least ? one of the interior and surface of a photoelectric 
conversion active material deposited on a conductive substrate. 
SOLUTION: This photoelectric conversion element, an anatase film 
as a photoelectric conversion active material 3 is deposited on a 
transparent electrode film 1 of a conductive substrate 7. On the 
surface, a linear collector electrode 4 is disposed to form a 
photoelectrode 10. In a wet-type solar battery built in this 
photoelectrode 10, output current density shows substantially 
greater values. This is because the collector electrode 4 disposed on 
the photoelectric conversion active material 3 can efficiently collect 
conductive electrons of semiconductor particles. The collector 
electrode 4 is disposed on the surface of the photoelectric conversion active material 3. The surface is a 
backside to an incident light so that the collector electrode 4 does not shield the incident light and the 
reaction area where photoelectrochemical reaction is generated is not reduced. 

* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 
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1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]An optoelectric transducer comprising: 

It is a photoelectric conversion active material layer on a conductive substrate. 

It is an electrode for current collection at least to one side of an inside of this photoelectric conversion 
active material layer, and the surface. 

[Claim 2]The optoelectric transducer according to claim 1, wherein said electrode for current collection is 
at least one of the shape of a porous film, a line, the shape of a lattice, and the continuous conductive 
particles. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to an optoelectric transducer. 
[0002] 

[Description of the Prior Art]The amount of energy and the electric power used is increasing rapidly by 
development of industry in recent years. Therefore, discharge of environmental pollutants, such as carbon 
monoxide, also increases and it has quantity which cannot be disregarded since earth environment is 
protected. Since the solar cell which transforms solar energy into the electrical and electric equipment can 
manufacture electric power directly, without discharging a pollutant, the spread is expected. However, the 
solar cell which uses conventional silicon has the problem that a manufacturing cost is high, and has not 
resulted in spread which is expected as an object for large-scale electric power. 

[0003]The wet solar cell which has the photoelectric conversion active material layer which supported the 
coloring matter which absorbs visible light to semiconductor particles as a solar cell with a low 
manufacturing cost replaced with the solar cell which uses this silicon attracts attention. If light is irradiated 
by coloring matter, a conduction electron and a hole will generate, and an electron is received from the 
oxidation reduction kind in the electrolysis solution in which a conduction electron is moving to the 
semiconductor particles which are supporting coloring matter, and the hole touches, and it disappears. By 
these photoelectrochemical reactions, electron flow occurs and light energy can be transformed into 
electrical energy. 

[0004]Since resistance of the electrode for current collection would become large if it large-area-izes 
although it is necessary to make it a large area when using this as an object for large-scale electric power, 
there was a problem to which the output current density per electrode unit area falls. In order to use as an 



2 



JP 2000-243465 

object for large-scale electric power, solution of this problem is very important. When using as objects for 

small-scale electric power, such as a sensor and a calculator, since photoelectric conversion efficiency can 

improve, it is important to make resistance of the electrode for current collection small. 

[0005]In order to raise the conductivity of the electrode for current collection as conventional technology 

which solves this technical problem, without reducing the transmissivity of incident light to JP,8-287969,A, 

the metal electrode which has acute angle edge in the incident light side of a transparent conducting film is 

indicated. 

[0006] 

[Problem(s) to be Solved by the Invention] However, incident light is reflected by edge [ acute angle / 
conventional technology ], and although almost all the incident light of a certain thing reaches a 
photoelectric conversion active layer, reflection loss, Since the photoelectric conversion active layer which 
becomes the shade of said edge exists, reduction of the reaction effective area which has influence on a 
photoelectrochemical reaction greatly is not avoided, but there is a possibility that photoelectric conversion 
efficiency may fall. This invention is what solved the aforementioned problem, reduces current collection 
resistance, without reducing the effective area of a photoelectrochemical reaction, and provides the 
optoelectric transducer which raised the output current density per electrode unit area. 
[0007] 

[Means for Solving the Problem]In order to solve the above-mentioned technical technical problem, 
technical means (the 1st technical means are called hereafter.) provided in claim 1 of this invention, It is an 
optoelectric transducer having provided a photoelectric conversion active material layer on a conductive 
substrate, and providing an electrode for current collection at least in one side of an inside of this 
photoelectric conversion active material layer, and the surface. 
[0008]An effect by the 1st technical means of the above is as follows. 

[0009]That is, by an electrode for current collection provided in a photoelectric conversion active material 
layer, since a conduction electron of semiconductor particles can be collected efficiently, current collection 
resistance can be reduced and output current density per electrode unit area can be raised. Since said 
electrode for current collection can be provided in a rear face to an inside or incident light of said 
photoelectric conversion active material layer and it does not decrease a reaction surface product which 
does not have a loss of incident light and in which a photoelectrochemical reaction occurs, it can raise 
output current density per electrode unit area. 

[0010]In order to solve the above-mentioned technical technical problem, technical means (the 2nd 
technical means are called hereafter.) provided in claim 2 of this invention are the optoelectric transducers 
according to claim 1, wherein said electrode for current collection is at least one of the shape of a porous 
film, a line, the shape of a lattice, and the continuous conductive particles. 
[001 1]An effect by the 2nd technical means of the above is as follows. 

[0012]That is, since they small-** influence of mass transfer on a oxidation reduction kind accompanying a 
photoelectrochemical reaction since these electrodes for current collection can make small resistance 
which a oxidation reduction kind moves to a photoelectric conversion active material layer, and they can 
increase photoelectrochemical reaction speed, they can raise output current density per electrode unit area. 
[0013] 
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[Embodiment of the Invention]The composition of this invention is the optoelectric transducer which 
provided the photoelectric conversion active material layer on the conductive substrate, and provided the 
electrode for current collection at least in one side of the inside of this photoelectric conversion active 
material layer, and the surface. The surface of said photoelectric conversion active material layer is a rear 
face to incident light. 

[001 4]It is a photoelectric conversion active material layer from the oxide semiconductor particle with 
which photosensitizing pigment was supported. The electrode for current collection is an electrode to which 
an oxide semiconductor particle to the transparent conducting film in which photosensitizing pigment was 
supported transmits an electron. In this invention, in order to abolish the loss of incident light, the electrode 
for current collection is formed in the rear face to the inside or incident light of a photoelectric conversion 
active material layer. 

[0015]The construction material of the electrode for current collection of this invention is metal or 
electrically conductive ceramics. For example, in metal, there are Ag, aluminum, nickel, Ti, Au, Pt, etc., and 
there are Sn0 2 , ITO, SiC, TiN, carbon, etc. in electrically conductive ceramics. 

[0016]The structures of the electrode for current collection are the shape of a film, a line, the shape of a 
lattice, the conductive particles in contact with continuation, or such combination. With the shape of a film, 
it contains from the shape what is called of a thin film to foil. Although such structures can ** small 
influence of the mass transfer on the oxidation reduction kind accompanying a photoelectrochemical 
reaction, in order to make influence on mass transfer small further, it is desirable for there to be continuous 
larger pore than the ion radius of a oxidation reduction kind, and the microstructure is determined by the 
function in which an element is required. 

[0017]With the oxide semiconductor particle which constitutes the photoelectric conversion active material 
layer of this invention, there are titanium oxide, a zinc oxide, tin oxide, etc., for example. Photosensitizing 
pigment is chosen from the photosensitizing pigment excited by the light wavelength to detect according to 
the purpose of using an element, A ruthenium complex, oligo phenylene, oxazol, oxadiazole, A stilbene, 
quinolone, chlorophyll, a coumarin, a fluorescein rose bengal, There are stilbene series, such as thiazine 
series, such as oxazine systems, such as xanthene series, such as a rhodamine, merocyanine, squarylium, 
cyanine, phthalocyanine, pyrylium salt, and Nile blue, thionine, and methylene blue, perylene, and styryl 
anthracene, crocodile NIUMU, etc. 

[001 8] Hereafter, the example of this invention is described in detail. Although the wet solar cell which is an 
example of an optoelectric transducer explains the example, this invention is not limited to a solar cell and 
can be widely used as an optoelectric transducer which transforms into electrical energy light energies of 
ultraviolet radiation - infrared light, such as a sensor which receives ultraviolet radiation - infrared light 
widely. Similarly it is not limited for the manufacturing method of the electrode for current collection to the 
manufacturing method of an example. 

[0019](Example 1) The optoelectric transducer comprises an electrolysis solution poured in between the 
photoelectrical pole which provided the photoelectric conversion active material layer on the conductive 
substrate, the counter electrode which supported the catalyst to the conductive substrate, and a 
photoelectrical pole and a counter electrode. 

[0020] Drawing 1 is an outline perspective view explaining the photoelectrical pole of the wet solar cell of 
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Example 1. Drawing 2 is an outline sectional view of the wet solar cell of Example 1. The same numerals 
were used for the same part. 

[0021 ]The soda glass substrate 2 with transparent conducting film 1 made from Sn0 2 was used as the 
conductive substrate 7. The sheet resistance of this conductive substrate 7 is 10ohm/** (sheet resistance). 
An anatase film is formed as the photoelectric conversion active material layer 3 on the transparent 
conducting film 1 of this conductive substrate 7, the linear electrode 4 for current collection is formed in 
that surface, and the photoelectrical pole 10 is formed. This electrode 4 for current collection is connected 
with the end of the transparent conducting film 1 . 

[0022]The counter electrode 6 carries out the spin coat of the chloroplatinic acid solution to a conductive 
substrate, and carries out deposit support of the 20-nm platinum about by 450 ** heat treatment. The 
electrolyte part 5 is formed between the photoelectrical pole 10 and the counter electrode 6. The 
photoelectrical pole 10 and the counter electrode 6 are connected in the external circuit 9. 
[0023]The 10wt% ethyl cellulose dispersion liquid 5g distributed by the anatase-type-titanium-oxide particle 
5g with a mean particle diameter of 30 nm, 20 g of terpineols, and ethanol were scattered by homogeneous 
by 3 roll mills after mixing with the mortar, and the paste for anatase film formation was produced. This 
paste was applied on said conductive substrate 7 disconnected to 5.5 cm** (5.5 cm x 5.5 cm) using the 
screen version of 100 meshes, 550 ** and calcination for 10 minutes were performed, and the 
20-micrometer-thick photoelectric conversion active material layer 3 was formed by 5 cm**. 
[0024]The electrode 4 for current collection with a line width of 0.5 mm was formed in the surface of said 
photoelectric conversion active material layer 3 in the pitch of 5 mm. This electrode 4 for current collection 
applied aluminum 2 UMUPESUTO using the screen version of 200 meshes, and produced it by baking at 550 
** for 10 minutes. The specific resistance of the produced electrode 4 for current collection was 3.3x1 0" 5 
omega-cm, and thickness was 10 micrometers. The photoelectrical pole 10 of Example 1 is formed of said 
conductive substrate 7, the photoelectric conversion active material layer 3, and the electrode 4 for current 
collection. 

[0025]It is a ruthenium complex (it Rul_- 2 (NCS )- 2 and) of a 1x1 0~ 3 mol / L as photosensitizing pigment to 
ethanol about this photoelectrical pole 10. It was immersed in the solution which dissolved the 
L=4,4-dicarboxyl 2 and 2' bipyridine on the 1st, the photosensitizing pigment 3b was made to stick to the 
titanium oxide particle 3a surface of the photoelectric conversion active material layer 3, and it supported. 
In this way, the photoelectrical pole 10 and the counter electrode 6 which were obtained were combined, 
and the seal of the electrolysis solution inlet was left and carried out. The iodine 0.6M and the lithium iodide 
0.3M are dissolved in an acetonitrile solvent, and it is considered as an electrolysis solution. After pouring in 
an electrolysis solution from said electrolysis solution inlet, the inlet was closed and the wet solar cell was 
produced. 

[0026]Evaluation of the photoelectric transfer characteristic was performed by measuring output current 
density when a light source is irradiated from the conductive substrate 7 side with the irradiation intensity 
of light intensity 800 mW/m 2 using a xenon lamp with a filter. The spectrum of this light source is almost the 
same as that of sunlight. 

[0027](Example 2) Drawing 3 is an outline perspective view explaining the photoelectrical pole of the wet 
solar cell of Example 2. In this example 2, except that the photoelectric conversion active material layers 3A 
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differ, it is the same as Example 1 . The same numerals are attached to the same part and explanation is 
omitted. 

[0028]The anatase-type-titanium-oxide particle 5g with a mean particle diameter of 10 nm, the conductive 
Sn0 2 particle 1g with a mean particle diameter of 100 nm, The 10wt% ethyl cellulose dispersion liquid 5g 
distributed by 20 g of terpineols and ethanol were scattered by homogeneous by 3 roll mills after mixing with 
the mortar, and the paste for photoelectric conversion active material layers was produced. The screen 
version of 100 meshes was used for the conductive substrate 7, this paste was applied to it, 500 ** and 
calcination for 10 minutes were performed, and the 20-micrometer-thick photoelectric conversion active 
material layer 3A was formed by 5 cm**. The Sn0 2 particles in this photoelectric conversion active material 
layer 3A contact continuously inside, and that part contacts the conductive substrate 7 and functions as 
the electrode 4A for current collection. In this way, the photoelectrical pole 20 is produced. Using this 
photoelectrical pole 20, the same counter electrode 6 as Example 1, and the electrolysis solution, the wet 
solar cell was produced and the same method as Example 1 estimated. 

[0029](Comparative example 1) Drawing 4 is an outline perspective view explaining the photoelectrical pole 
of the wet solar cell of the comparative example 1. Except that photoelectric conversion active material 
layers differ in this comparative example 1, it is the same as Example 1. 

[0030]The photoelectric conversion active material layer 3B of the 20-micrometer-thick anatase film was 
formed by 5 cm** on the conductive substrate 7 like Example 1. In this way, the photoelectrical pole 30 is 
produced. Using this photoelectrical pole 30, the same counter electrode 6 as Example 1, and the 
electrolysis solution, the wet solar cell was produced and the same method as Example 1 estimated. 
[0031](Comparative example 2) Drawing 4 is an outline perspective view explaining the photoelectrical pole 
of the wet solar cell of the comparative example 1. Except that a photoelectric conversion active material 
layer differs from its substrate in this comparative example 1 , it is the same as Example 1 . 
[0032]On the soda glass substrate 2A, V character slot of the 40 degrees of point angle was formed in a 
5-mm pitch at 0.5 mm in width. Silver paste was applied to this V character slot, baking for 10 minutes was 
performed at 550 **, and the electrode 11 for V character-like current collection was produced. The 
specific resistance of the produced electrode 11 for V character-like current collection was 4.5x1 0" 6 
omega-cm. Furthermore, the transparent conducting film 1A made from Sn0 2 of 10ohms of sheet 
resistance / ** was formed in the surface with the sputtering system, and the conductive substrate 7A was 
produced. 

[0033]On this transparent conducting film 1A, the photoelectric conversion active material layer 3B of the 
20-micrometer-thick anatase film was formed by 5 cm** like Example 1. In this way, the photoelectrical 
pole 40 is produced. Using this photoelectrical pole 40, the same counter electrode 6 as Example 1, and the 
electrolysis solution, the wet solar cell was produced and the same method as Example 1 estimated. 
[0034](Evaluation result) The result of this example and a comparative example is shown in Table 1. 
compared with a comparative example, the output current density of an example is boiled markedly and is 
large. To be because for the conduction electron of semiconductor particles to have been collected 
efficiently is considered by the electrodes 4 and 4A for current collection provided in the photoelectric 
conversion active material layers 3 and 3A. 

[0035]In Example 1 , the electrode 4 for current collection is formed in the surface of said photoelectric 
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conversion active material layer 3, and since this is a rear face to incident light, it does not decrease the 
reaction surface product in which incident light is not interrupted by this electrode 4 for current collection, 
and a photoelectrochemical reaction occurs. In Example 2, although the electrode 4A for current collection 
is greatly drawn by internal ******** of said photoelectric conversion active material layer 3A, and drawing 
3, since it is very a particle in practice, incident light does not decrease the reaction surface product in 
which it is hardly interrupted and a photoelectrochemical reaction occurs. For this reason, the optoelectric 
transducer excellent in the photoelectric transfer characteristic was obtained. 
[0036](Table 1) 
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[0037] [Effect of the InventionjAs mentioned above, since this invention is an optoelectric transducer 
having provided the photoelectric conversion active material layer on the conductive substrate, and 
providing the electrode for current collection at least in one side of the inside of this photoelectric 
conversion active material layer, and the surface, Without reducing the effective area of a 
photoelectrochemical reaction, current collection resistance can be reduced and the output current density 
per electrode unit area can be raised. 
[Brief Description of the Drawings] 

[Drawing 1] The outline perspective view explaining the photoelectrical pole of the wet solar cell of Example 
1 

[Drawing 2] The outline sectional view of the wet solar cell of Example 1 

[Drawing 3] The outline perspective view explaining the photoelectrical pole of the wet solar cell of Example 
2 

[Drawing 4] The outline perspective view explaining the photoelectrical pole of the wet solar cell of the 
comparative example 1 

[Drawing 5] The outline perspective view explaining the photoelectrical pole of the wet solar cell of the 
comparative example 2 
[Description of Notations] 

1 1A — Transparent conducting film 

2 2A — Soda glass substrate 

3, 3A, 3B — Photoelectric conversion active material layer 

4 4A — Electrode for current collection 

5 — Electrolyte part 

6 — Counter electrode 

7 7A — Conductive substrate 
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10, 20, 30, 40 — Photoelectrical pole 
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